Introduction
Bottle gourd (Lagenaria siceraria), one of the oldest crop of tropics and one of the least calorie vegetable, providing just 14 calories per 100 g is attaining fast popularity among the health conscious urban elite. In vegetable breeding programmes the co-relation coefficient analysis have been used frequently in order to know the mutual relationship between variables, affecting the target variables and the finding and guide for component variable on which selection should be based for future improvement. Simple correlation gives information about inheritance of two characters and identifies the characters needed for improvement of the target parameters. It reveals both the strength as well as nature of relationship between two characters. Significance of correlation value means the association between two characters is high. Negative co-relation means the increase in one variable will lead to decrease in other variable. When value of genotypic Yield is a complex character controlled by a large number of contributing characters and their interactions. For any effective selection programme, it would be desirable to consider the relative magnitude of association of various characters with yield. The path coefficient technique helps in estimating direct and indirect contribution of various components in building up the total correlation towards yield. The present study was conducted with 10 lines and bottle gourd genotypes including one check variety i.e. Kanak, sown in Randomized Block Design (RBD) with three replications in rainy season-2015 to assess the nature and magnitude of association among yield and its contributing traits in bottle gourd at Vegetable Research Farm of the Department of Horticulture, Institute of Agricultural Sciences, BHU, Varanasi. A highly significant and positive genotypic correlation was observed for number of fruits per plant with fruit yield per plant (kg) and fruit weight (kg) while this character had highly significant negative association with fruit girth (cm). Path coefficient analysis revealed that average fruit weight had the highest positive direct effect on fruit yield followed by number of fruits per plant, fruit girth (cm), days to 50% male flowering, fruit length (cm), days to 50% female flowering and number of primary branches per vine. co-relation is higher than phenotypic corelation the association between two characters is strong genetically. The correlation coefficient needs to be split into direct and indirect effects using path coefficient analysis for critical evaluation as many characters affect a given trait. Thus, the correlation and path analysis in combination can give a better insight into cause and effect relationship between different pairs of characters.
If the correlation coefficient between a causal factor and the effect is almost equal to its direct effects, then correlation explains the true relationship through this trait will be effective. If the correlation coefficient is positive, but the direct effect is negative or negligible, the indirect effects seem to be cause of positive correlation. In such situations, the indirect causal factors are to be considered simultaneously for selection. Correlation coefficient may be negative but the direct effect is positive and high. Under these circumstances, a restricted simultaneous selection model is to be followed i.e. restrictions to be imposed to nullify the undesirable indirect effects in order to make use of the direct effect. The residual effect determines how best the causal factors account for the variability of the dependent factor. If residual effect is high, some other factors, which have not been considered here, need to be included in this analysis to account fully for the variation in yield.
Using path coefficient analysis for critical evaluation as many characters affect a given trait. Thus, the correlation and path analysis in combination can give a better insight into cause and effect relationship between different pairs of characters. Positive and significant correlation coefficient was recorded for fruit yield per plant along with days to anthesis of first female flower, vine length, number of primary branches, lengths of fruit, weight of fruit and number of fruits per plant. Positive and direct effects of length of fruit, weight of fruit and number of fruits per plant on yield signify the importance of traits in bottle gourd improvement (Husna et al., 2011; Yadav and Kumar, 2011) .
Materials and Methods
The experimental materials for the study comprised of 10 lines and 25 F 3 genotypes of bottle gourd (Lagenaria siceraria (Molina) Standley) provided by the Department of Horticulture, Institute of Agricultural Sciences, BHU, Varanasi. The experiment was planted at the Vegetable Research Farm, Department of Horticulture, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi during rainy season in the year 2015 following Randomised Block Design with three replications with 12 blocks and 105 plots having 10 plants per plot. The distance between plant to plant 2 m, and row to row 0.6 m was maintained. Fertiliser was applied at the rate of 100:75:60 NPK respectively was applied to the soil and light irrigation was applied during the cropping period.
Data were recorded for nineteen quantitative morphological, phenological and yield parameters from five plants in each replication. The genotypic and phenotypic correlation coefficient based on variance and covariance components was computed by the formula suggested by Al-jibouri et al., (1958) . The variance analysis for each character and covariance analysis for each pair characters were calculated. All the possible simple correlation coefficients among independent and dependent variables were calculated. Working out path analysis was done in in three steps: direct effects, indirect effects and residual effects as suggested by Wright (1921) and elaborated by Dewey and Lu (1959) .
Results and Discussion
Progress of selection depends not only on the proportion of genetic variance that a breeder uses in determining the magnitude of heritability but the practical objective also includes assessment of nature and magnitude of interrelationship existing among characters of economic worth, and the once that contribute to their performance directly or indirectly. The genotypic and phenotypic correlation coefficient between fruit yield and its component characters in F 3 population of bottle gourd were exhibited in Table 1 and  Table 2 . In the present study it was revealed that the genotypic correlation coefficient was found to be highly significant and positive for days to first germination, average fruit weight, number of fruits per plant and fruit girth with fruit yield per plant. Similar results were noticed in number of fruits per plant by Mlavedonic et al., (2012) and Janaranjani et al., (2015) andin fruit weight (kg) by Ahmed et al., (2005) and Husna et al., (2011) .
Significant and negative correlation was noticed with days to 50% female flowering. Days to 50% germination exhibited highly significant positive association with number of primary branches per vine and significant negative association with vine length and fruit length. Vine length showed highly significant positive association with average fruit weight, fruit yield per plant, and number of fruits per plant and fruit length. Genotypic correlation coefficient for number of primary branches per vine showed significant negative association with two traits namely days to 50% male flowering and days to 50% female flowering, while significant positive correlation was observed for three characters i.e. number of fruits per plant, fruit yield per plant and average fruit weight. Highly significant positive correlations for days to 50% male flowering were observed with days to 50% female flowering. This trait showed significant negative correlation with number of fruits per plant and fruit yield per plant. Days to 50% female flowering showed negative association with traits like fruit yield per plant, number of fruits per plant, average fruit weight and fruit girth. A highly significant and positive genotypic correlation was observed for number of fruits per plant with fruit yield per plant and average fruit weight while this character had highly significant negative association with fruit girth. Fruit length had highly significant and positive genotypic correlation with average fruit weight and also with fruit yield per plant. Fruit girth had significant and positive genotypic correlation with average fruit weight. Average fruit weight showed highest significant and positive correlation with fruit yield per plant.
Number of days for first germination registered positive significant phenotypic correlation with fruits per plant and average fruit weight where as it showed nonsignificant positive phenotypic correlation with days to 50% germination, vine length, number of primary branches per vine, fruit length, fruit girth. It exhibited negative nonsignificant phenotypic correlation with days to 50% female flowering. Days to 50% germination registered significant positive phenotypic correlation with number of primary branches per vine. It has positive non-significant correlation with days to first germination, days to 50% male flowers, number of fruits per plant and fruit girth. It exhibited negative significant correlation with vine length and negative non-significant phenotypic correlation with days to 50% female flowering, fruit length and average fruit weight. Vine length has significant positive phenotypic correlation with number of primary branches per vine, number of fruits per plant, fruit length and average fruit weight. Vine length has positive nonsignificant correlation with fruit girth and negative non-significant correlation with days to 50% male flowering, and days to 50% female flowering. Number of primary branches per vine recorded positive significant correlation with number of fruits per plant and fruit girth. It showed positive non-significant correlation with fruit length and average fruit weight. The trait had negative significant correlation with days to 50% female flowering and negative nonsignificant correlation with days to 50% male flowering. Number of fruits per plant recorded positive significant correlation with days to first germination, vine length nonsignificant correlation with fruit length and average fruit weight and negative significant correlation with fruit girth. Mladenovic et al., (2012) had revealed positive significant association of fruit length and negative significant association of fruit weight with vine length in bottle gourd.
Accordingly days to first male flowering, days to first female flowering, node number at which first female flower appears,, number of primary branches per vine,, number of fruits per plant, fruit length, fruit girth, average fruit weight, were taken as independent variables and their contribution towards total fruit yield per plant (dependant trait) was determined. The data revealed that fruit weight showed the highest positive direct effect on fruit yield followed by number of fruits per plant, fruit girth, days to 50% male flowering, fruit length, days to 50% female flower and number of primary branches per vine whereas, days to 50% germination and days to first germination showed negative direct effects on fruit yield per plant (kg). The correlation coefficients, in the present investigation both at the phenotypic and genotypic levels, indicated that character association in general were more favourable for breeding high yielding cultivars in bottle gourd. The estimates of genotypic correlation coefficients were mostly found to be higher in magnitude, though similar in direction than their corresponding estimates of phenotypic correlation coefficients. Interrelationship among various quantitative traits and yield contributing traits was observed to be significant and positive both at genotypic and phenotypic level. The results clearly revealed a scope of simultaneous improvement of these traits selection.
Table.1 Genotypic correlation coefficient between fruit yield and its component characters in bottle gourd

Sl.No. Character
Days
Path coefficient analysis
Degree of relationship through the estimate of correlation simply measures the nature of symmetrical association between various traits. In order to determine an efficient criterion for selection of various quantitative traits to improve the yield performance, it is essential to know the direct and indirect contribution of the traits towards this improvement through the study of cause and effect relationship.
Direct and indirect effect of genotypic path coefficient for 16 characters in 35 genotypes of bottle gourd is presented in Table 3 . Genotypic path diagram for yield per plant (kg) is exhibited by Figure 1 . In present investigation, fruit weight followed by number of fruits per plant showed high positive and direct effect had significant positive correlation with fruit yield per plant (kg). Therefore, the fruits with higher weight and plants having more number of fruits should be considered in selection criteria for increasing fruit yield per plant. The present study suggested that more emphasis should be given to selecting genotypes with high fruit weight. Directly or indirectly all characters showed positive effect on fruit yield per plant, which is in confirmation to the finding of Umamaheswarappa et al., (2004) who also reported that number of fruits per vine had maximum direct effect on fruit yield followed by fruit weight. Ahmed et al., (2005) also reported that fruit weight; number of fruits per plant, fruit length had positive direct effects on fruit yield per plant of bottle gourd.
Direct effect have also been reported for average fruit weight (kg), fruit length (cm) and various traits by Badade et al., 2001; Kumar et al., 2007; Yadav et al., 2007 and Pandit et al., 2009 in bottle gourd; Singh et al., 2002 and Rao et al., 2004 in cucumber, Dora et al., 2002 in pointed gourd, Choudhary et al., 2003 in muskmelon, and Rolonia et al., 2003 in watermelon, and Narankutty et al., 2006 in snake gourd.
In conclusion, for most of the characters genotypic correlation coefficients were higher than phenotypic correlation coefficients indicating lesser phenotypic expression under the influence of environment. Days to first germination, vine length, number of primary branches per vine, days to 50% female flowering, fruit weight and fruit length registered a positive significant correlation at both phenotypic and genotypic levels with fruit yield per plant indicating the importance of these traits in selection for yield and are identified as yield attributing characters on which selection can be relied upon for the genetic improvement of yield of bottle gourd.
Overall the path analysis confined that direct effect of fruit weight, number of fruits per plant, fruit girth, days to 50% male flowering, fruit length, days to 50% female flowering and number of primary branches per vine whereas, indirect effect of days to days to 50% germination, vine length, fruit girth should be considered simultaneously for amenability in fruit yield per plant of bottle gourd. The high direct effect of these traits appeared to be the main factors for their strong association with fruit yield per plant (kg). Hence, direct selection for these traits should be effective indicating the effectiveness of direct selection. The estimates of residual variability demonstrate that some other traits like sex ratio, 100 seed weight would have been considered in the evaluation of selective potential of present material. On the basis of these studies the quantum importance of individual character is marked to facilitate the selection programme for better gains.
